Influenza viruses are classified into type A, type B, or type C viruses based on the lack of serological cross-reactivity between their internal components, particularly nucleoprotein (NP) and matrix (M) proteins (39) . All virus isolates belonging to a single type possess the crossreactive M and NP proteins, although their surface antigens, hemagglutinin (HA) and neuraminidase (NA), may vary drastically. In addition, there are major differences in the epidemiology and host range among these three types. For example, only type A viruses, although species specific, can infect and produce disease both in humans and in various animal species in nature. Type B and type C viruses, on the other hand, are primarily restricted to humans (see reference 21) , although occasionally they have been isolated from animal hosts (41) . Type A viruses are known to undergo both antigenic shift and drift, whereas B and C viruses are subject only to antigenic drift. Furthermore, the antigenic variation observed among type A viruses is more pronounced than that observed in type B viruses, which in turn undergo more variation than type C viruses (20, 21) . Additionally, genetic exchange yielding stable viruses of mixed genotypes has not been observed to occur between viruses of different types (14) .
The molecular basis of these biological differences between the three types remains undefined. Clearly, an understanding of the structure of the genes as well as the structure and function of the gene products of all three types of viruses will be required before their differences in epidemiology and species specificity can be understood. Recently, cDNA cloning and DNA sequencing have permitted the determination of complete nucleotide sequences and predicted amino acid sequences of protein products of all eight RNA segments from one or more type A strains (see reference 34) . Similarly, sequences of the HA, NA, M, and nonstructural (NS) genes of type B viruses have been determined (3, 4, 16, 28, 35) . However, little is known about the structure or function of the influenza B NP (B NP), although the primary structure of the NP gene of two influenza A strains has been determined (12, 33, 36) .
In both A and B types, NP appears to have a multifunctional role. First, it is the major component of the helical ribonucleoprotein (RNP) core (24) , and it has been suggested that each influenza A NP (A NP) molecule may bind to ca. 20 bases (b) of RNA (5) . Second, the RNP complexes in association with the polymerase proteins are active in transcription (2, 26) . Temperature-sensitive mutants of influenza A virus defective in the NP gene fail to synthesize tnRNA or virion RNA (vRNA) in infected cells at nonpermissive temperatures (15, 30, 31) . Also, monoclonal antibodies to A NP inhibit viral transcription in vitro, suggesting that NP may be involved in the process of transcription (40) . Furthermore, NP may be important in binding the RNP complex to M protein and thus, may have an important role in the process of budding and virion assembly (23 (18, 19) . Approximately 85 to 90% of both strands were sequenced, and all restriction sites used in sequencing were sequenced through an intact DNA segment cut at a different position.
The sequence at the 5' end of the viral RNA segment was determined by using a primer extension procedure (11) .
Total influenza B vRNA was hybridized to a 5' singly end-labeled DNA fragment of clone B1-28. This primer was extended by reverse transcriptase, and the resulting cDNA was purified and sequenced. The solid line along the top shows the cloned insert, with the broken line representing sequences from pBR322. Listed along the left side are the restriction endonuclease sites which were used for labeling with T4 polynucleotide kinase, as indicated by vertical bars, and sequenced in the direction of the arrows. Both strands are also represented showing their overlapping sequenced regions. The asterisk shows the HinF I to Taql fragment used in the primer extension. (31) Virus from the strain B/Sing was obtained from Alan Kendal, Centers for Disease Control, and grown in 10-day-old embryonated chicken eggs. Virus-specific genomic RNA was isolated from purified virions, enriched for specific RNA segments by fractionation in sucrose velocity gradients, and used for cDNA cloning (7) .
The genes of influenza B/Sing were cloned into the PstI restriction site of pBR322 by procedures previously described (7, 13) . Briefly, the vRNA enriched in the 4th and 5th largest segments was reverse transcribed by using a synthetic dodecanucleotide primer (5'-dAGCA-GAAGCAGA-3') complementary to the common 3' ends of influenza B vRNA segments (9) . Full length cDNA copies were isolated on 1.4% alkaline agarose gels and converted into double-stranded DNA by using the foldback loop at the 3' end as a self-primer. The doublestranded DNA fragments were treated with S1 nuclease, size fractionated on neutral agarose gels, and cloned into the PstI site of pBR322 with deoxyguanine:deoxycytosine tailing. Escherichia coli 294 was transformed with the recombinant plasmids and screened for tetracycline resistance and ampicillin sensitivity.
Cloned DNAs were grouped by insert size and restriction enzyme analyses (7). Groups were identified by hybridization to specific vRNA segments. Clone B1-28, containing an insert of ca. 1.8 kilobases (kb), was identified as a clone of the B NP gene on the following basis. (i) It hybridized exclusively to segment 4 vRNA which has been shown to code for NP (22) ; (ii) segment 5 vRNA, on the other hand, known to code for the HA gene (22, 32) hybridized exclusively to DNA of clones B1-61 and B2-6 and not to the B1-28 DNA; and (iii) neither B1-28, B1-61, nor B2-6 hybridized to the vRNAs of segments 1, 2, 3 (polymerase genes), or 6, known to code for the NA gene (22, 32) . Additionally, the nucleotide sequence of B1-61 insert DNA (unpublished data) is over 90% homologous to the reported sequence of the HA gene of influenza B/Lee/40 (16) .
A partial restriction endonuclease cleavage map of the cloned B NP gene was determined experimentally and is shown in Fig. 1 . This served as the basis for preparing 5' end-labeled fragments used in DNA sequencing.
The complete nucleotide sequence of the mRNA sense strand of the B NP gene is shown in Fig. 2 . The first four nucleotides from the Gl-s-a-e lpGwAgGvVl 25.8 a The sequence homology was determined for every 100 amino acids beginning with amino acid residue 51 (Fig. 2) (24) . Furthermore, our data also show that the B/Sing NP gene (1,839 nucleotides) is smaller than the B/Lee HA gene (1,882 nucleotides) as was predicted by the migration pattern of glyoxalated RNAs (22) .
The predicted B/Sing NP polypeptide is 560 amino acids in length (Fig. 2) , with a calculated Mr of 61,593, which is slightly less than the 66,000 estimated in gels (22) . Of the 560 amino acids of B NP, 86 residues are basic (Arg, 31; Lys, 50; His, 5) and 63 residues are acidic (Asp, 34; Glu, 29; Table 1 ). B NP is a basic protein with a net charge of +20.5 at pH 7.0, assuming a charge of + 1 for each arginine and lysine, -1 for each glutamic acid and aspartic acid, and +0.5 for each histidine, and, therefore, possesses a greater net positive charge than A NP, with a charge of +14 (36) . The amino acid composition (Table 1) shows that B NP is remarkably rich in lysine and methionine but poor in histidine, cysteine, and tryptophan when compared with that of a statistically average protein (8) . When compared with A/PR/8/34 NP (36), the B NP polypeptide is 62 amino acids longer than A NP (Fig. 2) . Seven regions of deletion or addition or both of amino acids were required for optimum alignment of the two sequences, leaving influenza B NP with an extra three residues at its Cterminal end and 50 residues at its N-terminal end. The amino acid composition (Table 1) shows that both A and B NP are rich in basic amino acids and in methionine but low in cysteine as expected for soluble globular proteins. Only one of the cysteine residues appears conserved between B NP (amino acid 389) and A NP (amino acid 333), supporting the finding of Selimova et al. that disulfide bonds are not important in the formation of the secondary structure of NP (27) . This is in sharp contrast to the conservation of cysteine residues between influenza A and B viruses in the HA and NA proteins (A. R. Davis Comparison of the amino acid sequence homology between B and A NP shows that some parts of the sequence are remarkably conserved, whereas other areas are quite divergent. The conservation of sequence is most striking in the central region of the protein (amino acid 150 to 350) which contains nearly 50% direct homology (Table 2 ). This region also contains a direct 10 amino acid residue homology (amino acid 230 to 239; B NP) between A and B NPs. This homology is remarkable because such a large stretch of homology is not present even in the highly conserved hydrophobic region at the N terminus of HA 2 of A and B HAs (16, 37) . This region then may provide some critical structure for the function of both A and B NP, such as a nucleation point in RNP formation or a critical contact with RNA or with M or polymerase (P) proteins. The entire aligned region (amino acids 51 to 557) contains 37% direct homology (184/492 residues). Since 43% of the differences (133/308 residues) are of conservative nature, i.e., basic, acidic, polar, or nonpolar amino acid replaced by similar residue, the combined structural homology between A and B NP is 64%. The most remarkable difference in the primary structure of A and B NP is the presence of 50 additional amino acids at the N terminus (Fig.  2) , making it unique in that respect among the influenza virus proteins, except for influenza B NS1, which is 51 amino acids longer than influenza A NS1 (1, 38) . Whether these extra sequences are involved in providing functional type specificity remains to be seen.
The proteins coded by the five genes (HA, NP, NA, M, and NS) of influenza B virus that have been completely sequenced show that influenza B proteins possess structural features similar to those of influenza A viral proteins, attesting for their functional similarity. Among these viral proteins, NP shows the greatest amino acid homology between the types. However, diversity in the sequence between influenza A and B proteins is far greater than that observed among the corresponding proteins of influenza A virus strains, suggesting that influenza A and B viruses have undergone similar but independent evolutionary pathways and that none of these five RNA segments have been recently acquired by reassortment between influenza A and B viruses. Since stable recombinants between A and B viruses have not been observed even under laboratory conditions (14) , it is likely that these viral proteins are functionally incompatible with the genes and gene products of another type. Furthermore, since envelope proteins can form pseudotypes with divergent viruses (6), the functional type specificity is likely to be provided by the internal components such as polymerases and NPs, etc. Since active influenza proteins, including NPs, now can be expressed from cloned cDNAs in eukaryotic cells (17) , the function of these proteins as well as chimeric proteins (constructed by joining two or more DNAs) can now be tested by intertype complementation and should provide insight into their functional specificity and incompatibility with each other.
